Abstract The aims of this study were to compare cut points for weakness proposed by Foundation for the National Institutes of Health (FNIH) Sarcopenia Project with cut points estimated with our own data; to assess the prevalence of clinically relevant handgrip strength (HGS) weakness according to published criteria across distinct populations of older adults; to estimate the ability of HGS weakness to identify slowness. This is a cross-sectional analysis of International Mobility in Aging Study (IMIAS) involving 1935 community-dwelling older adults, between 65 and 74 years, who completed HGS and gait speed assessment. We used baseline data from Tirana (Albania), Natal (Brazil), Manizales (Colombia), Kingston (Ontario, Canada), and Saint-Hyacinthe (Quebec, Canada). Weakness was defined according to sex-specific HGS cut points associated with slowness proposed by FNIH Sarcopenia Project. Slowness was defined as gait speed <0.8 m/s. IMIAS cut points for clinical weakness had good agreement with those proposed by FNIH. Weakness prevalence across the research sites ranged from 1.1 % (Saint-Hyacinthe) to 19.2 % (Manizales) among men. Women from Manizales (13.5 %) and Natal (19.3 %) had higher prevalence of weakness than their counterparts. FNIH cut points had a strong association with slowness, for both sexes. The IMIAS population generated cut points which were close to those proposed by FNIH. There was large variability in prevalence of weakness across our research sites. The HGS cut points for weakness proposed by FNIH performed well in IMIAS populations, providing a useful tool for screening older adults at risk for functional problems.
Introduction
Population aging is accelerating in middle-income countries, and there is a need for research on valid clinical predictors of physical function decline (García-Peña et al. 2013) . A recognized change associated with aging is a progressive decline in skeletal muscle strength (Bohannon 2008a; Walston 2012) . Declines in skeletal muscle strength predicts changes in physical functioning (Lauretani et al. 2003; Vermeulen et al. 2011) , disability (Cooper et al. 2011) , falls (Tanimoto et al. 2014) , and mortality (Legrand et al. 2014) .
A measure widely used for assessment of muscle strength in geriatric patients is the handgrip strength (HGS), a simple, quick, and inexpensive method. HGS assessment is relatively easy to implement and can be assessed even with bedridden patients (Savino et al. 2013; Beseler et al. 2014) . This makes it an attractive and frequently used tool for clinical purposes and epidemiologic studies. Low HGS values have been associated with limited mobility (Sillanpää et al. 2014 ) and hospitalization (Cawthon et al. 2009 ). HGS is considered to be a key component of sarcopenia (Lauretani et al. 2003; Cruz-Jentoft et al. 2010) , the frailty phenotype (Fried et al. 2001) , and a marker of nutritional status (Norman et al. 2011) .
Recently, several HGS cut points have been proposed to identify clinically relevant weakness (Zalewski et al. 2009; Cruz-Jentoft et al. 2010; Sallinen et al. 2010; Hicks et al. 2012; Seino et al. 2014; Alley et al. 2014) . The Foundation for the National Institutes of Health (FNIH) Sarcopenia Project working group published cut points of handgrip weakness associated with slowness in walking ). This study was based on 11 diverse cohorts from the USA and Italy with considerable functional variability going from very high function assessed in the cohort of the Framingham Offspring Study to poor function assessed in the Boston Puerto Rican cohort. However, with few exceptions (García-Peña et al. 2013; Lourenço et al. 2015) , all published studies have been carried out on populations living in high-income countries. Globally validated cut points for clinically relevant weakness could provide health professionals an important tool to identify older adults at risk for functional problems (Hicks et al. 2012; Alley et al. 2014) .
Using the International Mobility in Aging Study (IMIAS), a study on older adult urban populations from different societies in four countries with varying degree of human development: Canada, Brazil, Colombia, and Albania (United Nations Development Programme 2014; Zunzunegui et al. 2015) , the aims of this research are the following: (a) to compare FNIH-proposed criteria with IMIAS internally defined cut points of handgrip weakness associated with slowness, (b) to assess the prevalence of clinically relevant handgrip strength weakness according to FNIH-proposed criteria, and (c) to estimate the ability of handgrip strength weakness to identify slowness in gait speed across distinct populations of older adults.
Methods

Design and participants
This is a cross-sectional study using data from the International Mobility in Aging Study (IMIAS) . IMIAS is a population-based prospective cohort study that is ongoing at five sites: Tirana (Albania), Natal (Brazil), Manizales (Colombia), Kingston (Ontario, Canada), and Saint-Hyacinthe (Quebec, Canada). Data were collected at baseline in 2012. Details of the study design have been described elsewhere (Sousa et al. 2014; Pirkle et al. 2014; Zunzunegui et al. 2015) .
The study population was composed of communitydwelling men and women aged 65 to 74 years. Stratification by sex aimed at recruiting 200 men and 200 women at each site. The sample size at each site was calculated to allow for comparison of baseline mobility disability prevalence of men and women assuming a prevalence ratio of 1.8, error type I of 0.05, and power of 0.80. Baseline data was collected in 2012: from January to June in Manizales, Natal, and SaintHyacinthe; from January to December in Kingston; and from September to December in Tirana.
The final sample size was composed of 1995 older adults. Of these, 921 men and 1014 women had complete data on height, weight, grip strength, and gait speed and were included in this study. There were no differences in age and sex between subjects with complete data and those with incomplete data; however, subjects with incomplete data had worse self-reported mobility (assessed by the Life Space Assessment scale).
Sampling strategy
Participants were recruited through neighborhood primary care center registers at Tirana, Manizales, and Natal. At these sites, a random sample of elderly people registered at the health centers was drawn and participants were approached directly by our interviewers to invite them to participate in the study. In Kingston and Saint-Hyacinthe, participants received a letter from their primary care doctors inviting them to contact our field coordinator to make an appointment for the home visits. Since Albania, Brazil, and Canada have universal health care systems; more than 90 % of the population in the 65 to 74 age range are registered at a health center or have a primary care doctor. In Tirana and Natal, two and five neighborhood health centers, respectively, were covered by our sampling scheme. These neighborhoods are located in middle and low socioeconomic areas in both cities, and most of our participants in these two sites were of low and middle socioeconomic status. In choosing the study neighborhoods, we purposefully avoided the extremes of the socioeconomic spectrum: the wealthy and the very poor areas. In Manizales, a random sample of all subjects between 65 and 74 years of age registered in the Public Health Insurance of the city was drawn. Most of the population in this age group is covered by this Public Health Insurance.
Data collection
At all research sites, study procedures were carried out at the participant's home unless that person requested otherwise. In Manizales, physical performance was evaluated at the local hospital. Interviewers at each site were trained using the same standard training based on videotapes, protocol instructions, and data entry forms. The questionnaires, data collection documents, and procedure manuals were available in each local language.
Measures
Muscle strength was assessed by handgrip strength using a handheld dynamometer (Jamar Hydraulic Hand Dynamometer®). Participants were instructed and verbally encouraged to grip the handle as hard as possible using their dominant hand. The measurement protocol for handgrip strength followed the recommendations of The American Society of Hand Therapists. That protocol calls for participants to be seated, shoulders adducted and neutrally rotated, elbow flexed at 90, forearm in a neutral position, and the wrist between 0 and 30 of dorsiflexion (Fess 1992) . Three trials were performed, and the highest value in kilograms was used in the analyses. The reliability of the HGS test measured using intra-class correlation has been excellent (ICC >0.90) (Schrama et al. 2014) .
The HGS cut points to define weakness were based on the FNIH criteria. HGS values less than 26 kg for men and 16 kg for women were considered weak, values between 26 to 31.9 kg for men and 16 to 19.9 kg for women were classified in the intermediate group, and values greater than 32 kg for men and 20 kg for women were classified as normal strength. These specific cut points may reflect weakness due to low muscle mass .
Assessment of gait speed was done over on a 4-m course at usual walking speed from a standing position. Gait speed was assessed twice for each participant, and the average was calculated in meters per second. Slowness was defined as a speed lower than 0.8 m/s. This cut point was used based on a previous research assessing its association with risk of adverse outcomes (Cruz-Jentoft et al. 2010; Studenski et al. 2011; .
Height (m) was measured to the nearest 0.1 cm with a stadiometer. Weight (kg) was measured with an electronic scale with participants wearing light indoor clothes and no shoes. Body mass index (BMI) was calculated from weight and height 2 (kg/m 2 ). Waist circumference (cm) was assessed using a non-elastic tape at the midpoint between the lower border of the rib cage and the iliac crest.
Statistical analysis
Sample characterization was provided using descriptive statistics. All analyses are presented separately by sex and research site because strength and body size differ significantly by sex and across cities. Distributions of categorical variables are presented as frequencies and percentages. Continuous variables are presented as means and standard deviations (SD). The differences of general characteristics between research sites and FNIH Project sites were analyzed using independent t test for continuous variables. In some analyses, the research sites were categorized as follows: Kingston and Saint Hyacinthe (Canada), Tirana (Albania), and Natal and Manizales (Latin America).
We used Classification Regression Trees (CART), as explained in Alley et al. (2014) , to identify IMIAS cut points for grip strength associated with slowness. This statistical procedure can identify subgroups of a population whose members share common characteristics that influence the dependent variable of interest (De'ath and fabricius 2000; Lemon et al. 2003; Razi and Athappilly 2005) . CART analysis was performed using IBM SPSS Statistics 20.0. The tree was pruned to the most parsimonious model within one standard prediction error of the tree with the smallest prediction error. CART analysis to verify the associations between muscle strength and slowness has been used in previous studies (Hicks et al. 2012; Alley et al. 2014) . We then estimated weighted kappa coefficients to assess the agreement between the FNIH and the IMIAS classifications of clinically relevant weakness.
For external comparison, we added data from the two population samples participating in the FNIH Sarcopenia Project which had similar age distribution as the IMIAS populations, as published in the supplementary material of Alley et al. (2014) : first, the BPRHS subsample with average age of 69.9 ± 3.5 in men and 69.0 ± 3.1 in women and, second, the Framingham Offspring with an average age of 70.8 ± 4.2 in men and 70.4 ± 4.1 in women.
We estimated, in the IMIAS samples, the prevalence of clinically relevant weakness using handgrip strength categories proposed by the FNIH Project Studenski et al. 2014 ) and compared them with the FNIH published data on their total population aged 65 to 79 and to the Framingham Offspring cohort and the Boston Puerto Rican cohort. We then estimated the odds ratio of slowness with weakness compared with the Bnormal strength^group as the referent. Lastly, we conducted sensitivity analyses by examining this association between weakness and slowness by categories of height, BMI, and abdominal obesity. We also examined the associations between the ratio of handgrip strength to body size (HGS/BMI) and slow walking, because previous studies have demonstrated that mobility impairment and weakness may be differently associated across BMI categories (Sallinen et al. 2010; Alley et al. 2014) .
Results
The five IMIAS populations are very different in socioeconomic indicators, as reflected by education and current levels of insufficient income to cover basic needs. Table 1 shows the socioeconomic indicators for each research site and by sex.
Anthropometric measures and functional indicators by sex and research sites are shown in Table 2 . Men residing in the Canadian cities of Kingston and SaintHyacinthe were on average stronger and taller and had faster gait speed and significantly higher BMI than men residing in Manizales or Natal. Mean BMI of Tirana's men was similar to that of Canadian men. In respect to average values of HGS, Tirana's men were in intermediate range (34.09 kg ± 8.86), between those of Canadian men (Kingston, 41.68 ± 8.55; SaintHyacinthe, 42.42 kg ± 7.52) and those of Latin American men (Manizales, 31.07 kg ± 6.37; Natal, 31.88 kg ± 7.28). Tirana's men had slower gait (0.87 m/s ± 0.24) than men from the two Canadian cities (Kingston, 1.03 m/s ± 0.19; Saint-Hyacinthe, 1.07 m/ s ± 0.22) and were similar in gait speed to those from the Latin American cities (Manizales, 0.88 m/s ± 0.19; Natal, 0.85 m/s ± 0.19).
Women living in the Canadian cities were stronger and had a faster gait speed than those living in Manizales, Natal, or Tirana. BMI was not different across women from different cities although Canadian women were significantly taller than their Latin American counterparts and Tirana's women were in the intermediate range of values for height ( Table 2) .
The Canadian IMIAS populations of men and women were closer to the Framingham Offspring in grip strength and gait speed (although they were statistically different), and they were also similar in terms of weight and height. The Boston Puerto Rican population had distributions of functional and anthropometric indicators closer to those of the Latin American cities of Manizales and Natal. As for Tirana, gait speed and grip strength were intermediate between the Framingham Offspring cohort and the Puerto Rican cohort. As for weight and height, the Tirana male participants were close to the Framingham Offspring men although Tirana women had greater BMI than Framingham women (Table 2) . Figure 1 presents the decision tree obtained for men and women in the pooled IMIAS populations. The results are similar to those determined in the FNIH Project (<26 kg for men, <16 kg for women).
To assess agreement between categories of HGS using internal IMIAS classification and the FNIH classification, we classified all IMIAS subjects by both sets of criteria and then computed a weighted kappa coefficient (wK). Agreement among men was wK = 0.89 (95 % CI, 0.86-0.92). In women, wK equals 0.64 (95 % CI, 0.60-0.67). Among men, the few cases of disagreement showed that, compared with IMIAS cut points, FNIH cut points tended to classify slightly more men as weak. The opposite was observed in women, since FNIH cut points tended to classify more women as strong compared with the IMIAS internally defined cut points. Disagreements between FNIH and IMIAS cut points were consistent at all research site (data available upon request). Table 3 shows the distribution of handgrip strength categories as proposed by the FNIH Sarcopenia Project ). Large differences were observed across study cities. For men, FNIH cohort's observed prevalence of weakness in the 65 to 79 age groups was 3.1 %, which is consistent with men from Kingston (3.9 %) and Saint-Hyacinthe (1.1 %). Men from Tirana (17.5 %), Manizales (19.2 %), and Natal (14.8 %) had higher prevalence of weakness than the FNIH cohorts. Among women, FNIH cohorts' weakness prevalence was 12.3 % in the age group 65-79. For women, prevalence of weakness was higher in Natal, similar in Tirana and Manizales, and lower in the Canadian sites.
Additional analyses (Supplementary Tables 1) examined the prevalence of weakness based on established criteria proposed by Fried et al. (2001) . The Fried criteria for HGS, stratified by sex and BMI, results in higher prevalence of weakness at each site compared with the FNIH Project criteria. We also compared the prevalence of weakness by definitions from Fried et al. (2001) , the FNIH Sarcopenia Project, and our internally defined cut points (Supplementary Tables 2) , and it was observed that among men, FNIH and internally defined cut points produce similar categorization; among women, FNIH is closer to Fried criteria and lower than internally defined cut points.
Men from Canada and Tirana had weakness prevalence below the Framingham Offspring (10.2 %), while men in the Puerto Rican cohort (25.8 %) had higher prevalence of weakness than men in Manizales (19.2 %) or Natal (14.8 %). Women from Framingham Offspring (26.4 %) and the Puerto Rican cohorts (29.2 %) had higher prevalence of weakness than those from any IMIAS city (Table 3) .
The overall prevalence of slowness and the prevalence of slowness (gait speed <0.8 m/s) according to each category of age, BMI, height, and waist circumference are shown in Table 4 , for men and women in each study site. Men from Canada had low prevalence of slowness (10.6 %) in relation to their counterparts from Albania (43.2 %) and Latin America (36.9 %). The same pattern was observed in women from Canada (12.7 %), Albania (55.0 %), and Latin America (60.0 %). Table 5 provides results of HGS cut points associated with slow gait speed defined according to FNIH as applied to men from Canada, Albania, and Latin America. Due to the low prevalence of weakness and slowness in our sample of Canadian men, we had to 25.5% Fig. 1 Cutoff points of handgrip strength to identify slowness in IMIAS population by sex collapse handgrip strength in two groups (normal strength >32 kg; weak ≤32), instead of using the three FNIH categories. First, the cut points of HGS discriminate well those that were slow in each study site. However, confidence intervals were very wide given the small numbers of men who were slow in those Canadian cities. Second, in sensitivity analyses, we observed that the FNIH cut points were able to discriminate the slow walkers in most subgroups of BMI and height in men from Latin America. In Albanian men, weakness was significantly associated with slow gait speed in some subgroups of BMI and height. Among women, similar results were obtained (Table 6 ). HGS weakness (<16 kg for women) remained significantly associated with slow walk, and between research sites, this association remained significant in most subgroups according to age, BMI, and height. We also observed that weakness and slowness were strongly associated in those participants with abdominal obesity in Canadian and Latin American sites.
The results for the associations between HGS/BMI and slowness are reported in Supplementary Appendix and briefly summarized here. Weakness was also associated with slowness in men and in women, using the definition of weakness based on HGS/BMI. Although in men, the associations between weakness and slowness were weaker than in women, they were statistically significant, except for Albania where HGS-defined weakness was significantly associated with slowness (OR = 2.4) while HGS/BMI-defined association with slowness was not (OR = 1.3). In women, these associations were stronger in Canada (HGS weakness OR = 9.4; HGS/BMI weakness OR = 9.3) than in Latin America (HGS weakness OR = 4.0; HGS/BMI weakness = 4.7); in Albania, the corresponding values were OR = 2.4 and OR = 3.5. 
Discussion
Based on the diverse populations of IMIAS, we developed internally defined IMIAS cut points and compared their agreement with the FNIH Project in the classification of participants by degree of weakness. In addition, we estimated the prevalence of weakness associated with slow gait speed using cut points proposed by the FNIH Project criteria and examined their performance in identifying gait speed across selected characteristics.
Main findings
Our results showed large variability across study sites in relation to body composition measures, muscle strength, and gait speed. Older adults from Latin America (Manizales and Natal) had poorer physical performance than their Canadian and Albanian counterparts. These findings could be due to ethnic diversity, but they could also be explained by the varying degree of social and economic adversity during the life course (Bohannon 2008b; Sousa et al. 2014; Lourenço et al. 2015) .
Comparing levels of physical performance obtained in our population with Puerto Rican and Framingham cohorts, we observed that Canadian men and women are characterized by very high levels, higher than those observed in the Framingham cohort. Residents of Natal (Northeast Brazil) show the lowest levels of physical function; however, they appear to have faster gait speeds than Puerto Rican men and women residing in Boston. CART analyses of our pooled IMIAS data further confirmed the validity of the FNIH classification. The IMIAS population generated cut points which were close to those proposed by FNIH. Additionally, there was good agreement between the IMIAS internal classification and the FNIH classification. Thus, the HGS cut points of less than 16 kg for women and less than 26 kg for men proposed by the FNIH Project could be used in the populations of older adults from Canada, Albania, Colombia, and Brazil.
The FNIH Sarcopenia Project (Studenski et al. 2014 ) aimed to identify criteria for clinically relevant weakness associated with mobility impairment using multiple data sources in a large sample of older adults. Applying those cutoffs (<26 kg for men, <16 kg for women) for HGS in our diverse population showed large differences in weakness prevalence. The prevalence of weakness in non-Canadian men was higher than what was observed Compared to similar cohorts, we found low prevalence of weakness in older adults from Canada and Tirana. Buttery et al. (2015) found a weakness prevalence of 10.8 % in men and 12.6 % in women, in a sample of German older adults, using different cut points of HGS (cut points specific by sex and BMI and <20 kg for women and <30 kg for men). In the Bus Santé study, using cut points specific by sex and BMI, older adults from a Swiss region had a prevalence of weakness of 13.8 %, and weakness was one of the most frequently frailty indicators (Guessous et al. 2014) . Another study from the USA, using the same cut points for weakness proposed by FNIH Project, found a weakness prevalence of 2 % in older adults aged 60-79 years (Looker and Wang 2015) , which it was closer to our Canadian sample.
Comparing our Latin American older adults to other studies, our sample had lower prevalence of weakness. Lourenco et al. (2015) found higher prevalence of weakness using established grip strength values (<20 kg for women and <30 kg for men) in three different cohorts (from countries of Latin America and Spain), ranging from 89 to 18.5 %, respectively. Two studies with Brazilian older adults found a prevalence of weakness of 18 % (Vieira et al. 2013 ) and 23.85 % for men and 23.82 % for women (de Oliveira Bez and Neri 2014) .
A part of the large variability in prevalence of weakness across studies may be due to the difficulty in establishing internationally valid cut points for HGS weakness. The majority of research has been using distribution-based cut points to define low strength (Hairi et al. 2010) or cut points in function of body mass index quartiles and sex (Vieira et al. 2013; de Oliveira Bez and Neri 2014) . However, using this approach has limitations: a distribution-based cut point may not distinguish groups at major risk for disability (Hicks et al. 2012) . Previously, studies have reported that cut points for handgrip strength based on mobility outcomes may be a useful tool for to identify populations at risk for future mobility impairment (Sallinen et al. 2010; Hicks et al. 2012; McLean et al. 2014) .
Weakness was associated with slowness in our populations using two definitions of weakness (HGS weakness and HGS/BMI weakness). Since HGS cut points unadjusted by BMI may reflect more directly the population with limited ability to generate strength due to low lean muscle mass , we consider the indicator of weakness unadjusted by BMI, a better indicator of sarcopenia.
Slowness was measured in this study by gait speed less than 0.8 m/s. Our results showed large variability in the prevalence of slowness. Generally, Canadian older adults had lower prevalence of slowness than Albanian and Latin American. This may be a consequence of the large variability in socioeconomic aspects in our population. Differences in gait speed may reflect not only the influence of anthropometric characteristics but it may also be due to ethnic differences (Blanco et al. 2012) , socioeconomic conditions such as low educational level (Coppin et al. 2006; Busch et al. 2015) , low employment grade (Brunner et al. 2009 ), and life course social and economic adversity (Sousa et al. 2014) .
Our results suggest that applying the HGS cut points proposed by FNIH Project resulted in a strong association between slowness and HGS both in men and in women in the Canadian cities, in the Latin American cities, and in Albania, and this strong association between clinical weakness and slowness persists in some BMI categories, height groups, and the presence of abdominal obesity. These results suggest that the FNIH cut points for weakness are clinically relevant to detect those people who are at high risk of frailty with low muscle strength and slowness, even in very distinct populations.
However, height seems to play a significant role in the relationship between HGS and slowness in Canadian men, since HGS is not associated with slowness in any of the tertiles of height. In fact, in this population, the association between HGS and slowness is confounded by height. This lack of association between HGS and slowness is also observed among the tallest men in Latin America and Albania.
A life course perspective can be used to interpret these results. Childhood growth, a strong predictor of adult height, is strongly determined by good nutrition and living conditions in utero and during childhood (Peck and Lundberg 1995; Li et al. 2004; Barros et al. 2006; Ehounoux et al. 2009 ). On average, a man from the study birth cohorts (born between 1937 and 1948) who had good nutrition and living conditions in utero and during childhood should have attained higher stature than a man who had poor nutrition and living conditions during early life. Previous studies have shown that shorter people have lower HGS than taller people (Samson et al. 2000) and subjects with lower stature also have smaller length in gait (Bohannon 2008b) . Thus, attained adult height could be a common determinant of HGS and gait speed among older adults. In Latin America and Albania, slowness was associated with low HGS among men in the lowest tertile of height. We propose that these discrepant findings could be explained by differential survival, since those short men are likely survivors among the population exposed to the largest childhood adversity of their birth cohort. They may have survived to old age but childhood adversity has taken a significant toll in their physical function, as demonstrated by their lower HGS and their slowness (Dodds et al. 2012; Sousa et al. 2014; Bielemann et al. 2015) .
In women, associations between HGS and slowness are strong, independently of height. Other factors, such as reproductive history could be implicated.
Implications for clinical practice and research
Our results suggest that the cut points proposed by FNIH performed well in our diverse populations. Thus, a simple inexpensive HGS test with specific cut points may be a useful instrument for assessment of risk for mobility impairment and could constitute a good screening tool for sarcopenia in older adults. Although there was a strong relationship between specific cut points for HGS and poor mobility in this crosssectional analysis, we suggest verifying the validity of these criteria in a longitudinal study. Consequently, the longitudinal study could assess the prognostic importance of this measurement in sociocultural and economically diverse contexts.
Strengths and limitations
The main strength of this study is its use of diverse populations to compare prevalence of weakness according to specific criteria and to assess the strength of the association between weakness and slowness in international samples. Information on HGS distribution is mostly available from highincome countries, and data from low-income or middle-income countries on these functional measures are unusual (Leong et al. 2015) . Furthermore, we used standardized procedures for functional assessment at the five research sites, diminishing measurement error.
Despite these strengths, some limitations must be considered. First, the relatively small sample limited the addition of important variables like BMI, age, or weight in the CART analyses (Sallinen et al. 2010; Hicks et al. 2012; McLean et al. 2014) . We considered mobility impairment as a gait speed less than 0.8 m/s. Using this specific cut point gave a high prevalence of slowness, mainly in our sample from Latin America (Lourenço et al. 2015) . The majority of normative values of gait speed is from developed countries (Abellan van Kan et al. 2009; Bohannon and Williams Andrews 2011) and did not include Latin American countries. As the gait speed is highly sensitive to anthropometric and socioeconomic (Bohannon 2008b ) characteristics, perhaps it may be the reason for the large variability of slowness in our population. However, as shown in a recent systematic review, this specific cut point has good predictive value for adverse health outcomes in older adults (Abellan van Kan et al. 2009 ).
Conclusion
Our analysis confirmed the validity of the cut points for weakness to identify slowness as proposed by the FNIH Project. Using these cut points, we observed large variations in prevalence of weakness across IMIAS populations. Latin American older adults had higher prevalence of weakness than corresponding Canadians or Albanian. FNIH classification was in agreement with the classification produced by internally defined IMIAS cutoff points. Further work is needed using longitudinal data to demonstrate the predictive validity of the proposed cut points for mortality, frailty, and mobility disability in such different populations.
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